SUMMARY A strain gauged torsion dynamometer linked to a microprocessor was used to assess the dynamic qualities of isometric grip strength in patients with rheumatic diseases. Maximum grip strength, time to maximum grip, and percentage fatigue provide independent information on the grip. Time to maximum grip does not appear to be an objective correlate of subjective stiffness. The usefulness of these dynamic variables for the assessment of stiffness appears limited in arthritic disease, where pain may interfere with the maximum voluntary effort of the test.
Isometric grip strength is used in rheumatic diseases as a measure of improvement where change over a period is expected to occur. Traditionally this is measured with a Davis bag, which is essentially a pneumodynamometer. Although this system is cheap and portable, it is an imprecise measure of grip, and readings may vary according to the position of the hand on the bag.
In an attempt to improve the precision and utility of this system modifications were made which enabled an analysis of the grip/time curve to be obtained.' As a result of this analysis it was suggested that the rate of development of grip is the objective correlate of subjective stiffness and thus may be a more sensitive indicator of change in hand function than the maximum grip strength. 2 We previously described a strain gauged torsion dynamometer which allows an objective measurement of grip strength without the problems inherent in a device which measures pressure. We linked the torsion dynamometer to a microprocessor for analysis of a 4-6 second timed squeeze and showed this system to be acceptable to a group of patients with rheumatoid arthritis.3 Reproducibility was acceptable for the group expressed as a percentage of the maximum) appeared to provide independent information on the grip. The aim of the present study was to confirm the suggestion that time to maximum grip is related to the subjective symptom of stiffness, and to assess the usefulness of these dynamic variables as indicators of hand dysfunction in rheumatic diseases.
In this study we Eight patients with RA were studied. After informed consent had been obtained all non-steroidal anti-inflammatory drug (NSAID) treatment was discontinued for 48 hours before the start of the study. On the day of the study patients were given 800 mg of ibuprofen on an empty stomach, and grip strength was measured for six hours thereafter to coincide with the known pharmacokinetic profile of ibuprofen.
On each occasion subjective pain and stiffness were each assessed with a horizontal 1() mm visual analogue scale. Both scales were unmarked apart from the end stops, which were clearly labelled as no pain' (or stiffness) and 'worst pain ever'. Patients were asked to choose a point on the continuum which best represented the intensity of the symptom at that time. Access to the previous selection was given.
CIRCADIAN VARIATION
Fourteen patients with RA were investigated.
Patients agreed to stop all NSAID treatment for 24 hours before the measurements. Grip strength was measured at three-hourly intervals for 24 hours starting at 9 00 am.
On each occasion subjective pain and stiffness were assessed using a horizontal 100 mm visual analogue scale. stimulation of the hands patients perceived an increase in pain but a decrease in stiffness. In this situation tmax showed a slight increase and a further increase after exercise.
ARTH ROPLASTY
Arthroplasty, while providing restoration of hand anatomy, also relieves pain. Often subjective stiffness is unchanged or worse after operation. Table 1 shows the changes in grip variables in the three hands studied. At three months there was no improvement in maximum grip, but tmax was markedly reduced. There was a marked increase in fatigue, perhaps reflecting the period of immobilisation that follows surgery. 
Discussion
Analysis of the dynamic qualities of isometric grip strength was pioneered in Dunedin using a standard sphygmomanometer bag linked by a pressure transducer to a microprocessor. Sample pressure readings were taken every 20 milliseconds during a two second grip. The rate of development of grip, the time taken to reach maximum grip, and the maximum grip were recorded. These variables were related mathematically to 'work' (as a function of maximum grip strength) and 'power' (as a function of grip rate). Subsequently it was claimed that the rate of development of grip can be accepted as an objective correlate of joint stiffness in RA." This relation was suggested by the differential early morning response of work, power, and maximum grip strength to the administration of an indomethacin suppository the previous evening. It was suggested that work and maximum grip strength are independent of the time taken to reach maximum grip and more influenced by factors such as pain and strength of the subject. No attempt was made to relate subjective symptoms to objective variables so as to confirm this hypothesis. Furthermore, the Dunedin authors did not present any evidence to suggest that the rate of release, or the fatigue, measured from the grip/time curve, provided any addditional information in RA. It was suggested that these variables may be of more use in studying muscular disorders.
Time to maximum grip is undoubtedly prolonged in rheumatoid arthritis, and this is particularly so where the disease is active. To relate this prolongation to perceived dysfunction we have measured this variable in situations where symptomatic stiffness and pain are changing rapidly. Unfortunately, pain and stiffness often change together. Indeed there is some suggestion that patients often confuse pain and stiffness'in their joints.7 Nevertheless, the results of this study have shown that there is poor correlation between tmax and perceived stiffness after the administration of ibuprofen, over a 24 hour period, and after arthroplasty. After faradic treatment, where stiffness and pain changed differentially, it appeared that tmax was more a function of pain than of stiffness.
Neurophysiology has shown that both subclinical polymyositis and abnormal muscular fatigability are common in rheumatoid arthritis.8 ' In subjects with arthropathy this may not be so: to achieve a sustained maximal grip subjects may experience considerable pain. This study has shown that variables such as maximum grip, tmax, and fatigue are not totally reliable indicators of muscle capacity but are influenced by other factors, such as pain in the joints. In addition, as was shown for maximum grip strength," patient/observer interaction probably occurs with the dynamic variables of grip. In normal subjects and in patients with neurological diseases grip strength dynamic variables may be more useful, and further studies in these diseases are indicated.
The electronic strain gauged torsion dynamometer used in this study undoubtedly provides a more precise measure of grip strength. Moreover it is easier to use than the conventional pneumodynamometer and has been shown to be acceptable to a group of patients with rheumatic disease. On line analysis of the dynamic qualities of grip appears to provide little extra information, however: both maximum grip strength and dynamic variables are affected by pain experienced in the rheumatic hand. 
